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(54) HARVESTING ENERGY DURING COMPRESSION OF A PILL PACK

(57) Various methods and apparatus disclosed here-
in relate to apparatus and techniques for harvesting en-
ergy from operation of a pill pack, and utilizing that energy
for various purposes. In various embodiments, an energy
harvesting apparatus configured to receive a pill pack
(104, 304) is disclosed. An energy harvesting apparatus
in accordance with various embodiment may include a
housing (102, 302), where the housing is configured to
receive a pill pack (104, 304), and an electrical generator

incorporated into the housing (102, 302), where the elec-
trical generator converts motion associated with com-
pression of at least one blister (1031-n, 3031-n) of the pill
pack (104, 304) expelling one or more pills (1051-n,
3051-n) from the pill pack into electrical energy, where
the electrical energy is used to collect one or more data
points associated with operation of the pill pack during
the expelling of the one or more pills.
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Description

Technical Field

[0001] The present invention is directed generally to health care. More particularly, various methods and apparatus
disclosed herein relate to apparatus and techniques for harvesting energy from the expulsion of one or more pills from
a pill pack and utilizing that energy for various purposes.

Background

[0002] Compliance with prescribed medication regimens is a problem among patients of all ages and backgrounds.
The causes of non-compliance are complex and multi-factorial. Some of the principal factors that have been identified
as potentially contributing to non-compliance include: 1) the economic burden related to a patient’s disease or comorbid
conditions; 2) poor patient-caregiver/healthcare provider relations; 3) perceived stereotypes and misconceptions related
to a patient’s condition; 4) a patient’s lack of involvement in the decision-making process; 5) medication errors (linked
to incorrect identification of medication); and, 6) improper or incorrect medication administration (e.g. taking the wrong
medication or under or over dosing of medication).
[0003] Conventional products exist that partially address some of the factors that underlie non-compliance with med-
ication regimens. These include pill containers, customized pill packaging, smartphone applications, audible medication
identification devices (for preventing medication errors due to incorrect identification), and the like. However, these
products suffer from a variety of shortcomings, for example they do not address the multiple and co-existing factors
contributing to poor medication adherence. Additionally, conventional products do not harvest energy expended during
compression of a pill pack, e.g., to power data transmission to one or more remote computing devices and/or to auto-
matically log information regarding compliance in a patient’s medical record.

Summary

[0004] The present disclosure is directed to methods and apparatus for harvesting energy from the operation of the
pill pack, including the compression of at least one blister of a pill pack. Generally, in one aspect, an energy harvesting
apparatus configured to receive a pill pack according to various embodiments described herein contains a housing,
where the housing is configured to receive a pill pack, and an electrical generator incorporated into the housing, where
the electrical generator converts motion associated with compression of at least one blister of the pill pack expelling one
or more pills from the pill pack into electrical energy. The electrical energy is used to collect one or more data points
associated with operation of the pill pack during the expelling of the one or more pills.
[0005] In some embodiments, the one or more data points associated with the operation of the pill pack includes an
identification of the one or more pills expelled from the pill pack. In some embodiments, the energy harvesting apparatus
further comprises an identification button, where the identification button is positioned so as to be activated when the
one or more pills are expelled from the pill pack. In other embodiments, the identification of the one or more pills expelled
from the pill pack is determined based on a level of force required to expel the one or more pills.
[0006] In some embodiments, the energy-harvesting apparatus further comprises a low power wireless transmitter
integral with the housing, where at least some of the electrical energy is used to wirelessly transmit, from the low power
wireless transmitter to a remote computing device one or more of data points. In other embodiments, the low power
wireless transmitter is a Bluetooth low energy transmitter, a ZigBee transceiver, or an EnOcean transceiver. In still other
embodiments, the one or more data points associated with the operation of the pill pack collected, include a timestamp.
[0007] In other aspects, a method for harvesting and using electrical energy during compression of a pill pack is
disclosed. Such a method comprises inserting the pill pack into a housing configured to receive the pill pack; operating
the pill pack, where operating includes compressing at least one blister of the pill pack to expel at least one pill from the
pill pack; converting, by an electrical generator that is integral with the housing, motion associated with compression of
the at least one blister into electrical energy; and, using at least some of the electrical energy to at least temporarily
store, in a memory component integral with the housing, one or more data points associated with operation of the pill pack.
[0008] In some embodiments, operating the pill pack further comprises identifying the one or more pills expelled from
the pill pack. In other embodiments, the one or more data points include an identification of the at least one pill expelled
from the pill pack.
[0009] In some embodiments, the electrical generator comprises a linear alternator. In other embodiments, the electrical
generator comprises a piezoelectric strip.
[0010] In some embodiments, the method further comprises utilizing at least some of the electrical energy to wirelessly
transmit, from a low power wireless transmitter integral with the housing to a remote computing device, one or more of
the data points. In some embodiments, the low power wireless transmitter is a Bluetooth low energy transceiver or a
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ZigBee transceiver. In other embodiments, the one or more data points include a timestamp indicating a time the at least
one pill was expelled from the pill pack.

Brief Description of the Drawings

[0011] In the drawings, like reference characters generally refer to the same parts throughout the different views. Also,
the drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating the principles of
the invention.

Figure 1 illustrates a cross-sectional view of an example energy harvesting apparatus capable of receiving a pill
pack and configured with selected aspects of the disclosure, in accordance with various embodiments.
Figure 2 illustrates a top view of the example energy harvesting apparatus of Figure 1 with selected aspects of the
present disclosure, in accordance with various embodiments.
Figure 3 illustrates a top view of another example energy harvesting apparatus capable of receiving a pill pack and
configured with selected aspects of the disclosure, in accordance with various embodiments.
Figure 4 depicts an example method of performing various techniques described herein, in accordance with various
embodiments.

Detailed Description

[0012] Conventional products for addressing non-compliance with medication regimens suffer from a variety of short-
comings. These products may not address the multiple and co-existing factors contributing to poor medication adherence.
Additionally, conventional products may not provide a method(s) for harvesting energy expended during compression
of a pill pack to power data storage and/or transmission. In view of the foregoing, various embodiments and implemen-
tations of the present disclosure are directed to harvesting energy from the operation of a pill pack in a housing, and
utilizing that energy for various purposes.
[0013] Figures 1 and 2 illustrate an example energy-harvesting apparatus 100 configured with selected aspects of the
present disclosure depicted in cross section (Figure 1) and in top view (Figure 2). The energy harvesting apparatus 100
may include a housing 102. In some embodiments, the housing 102 may be in the form of a sleeve or box that removably
receives a pill pack, for example a pill pack may slide into the housing 102. In other embodiments the housing 102 may
permanently receive a pill pack and may not be reusable. In still other embodiments the housing 102 may also serve to
hold a pill pack into a desired position.
[0014] A pill pack used in conjunction with the housing 102 may contain any number of pills deemed necessary by a
medical professional for a course of treatment. In some embodiments, this may be one month’s supply, while in other
in embodiments this may be one week’s supply, and so forth. A pill pack used in conjunction with an energy harvesting
apparatus may have one or more blister compartments (referenced herein as "blisters"), each containing one or more
pills. The blisters may be divided by the day and time of administration of the one or more pills, so that all pills required
to be taken at each time throughout the week are stored within the same compartment. Generally, these blisters are
created with a covering (usually in the form of a bubble) over the selected pill(s) that is attached to a backing. In some
embodiments the blister covering may be a plastic material of varying thickness. In other embodiments, a single piece
of plastic may be used as a cover for the entire pill pack, with individual blisters created therefrom. In some embodiments,
the backing may be aluminum foil of varying thickness. Although Figures 1 and 2 illustrate a linear arrangement of blister
compartments and associated pills, this is not intended to be limiting. A pill pack may include one or more blisters
arranged linearly or in a grid, for example a 4 x 7 grid may be used to dispense four weeks or 28 days of medication.
Figures 1 and 2 illustrate a pill pack 104 and associated blister compartments 1031-n within the housing 102. The housing
102 may include an interior area 106, which may receive one or more pills after being expelled from a blister.
[0015] As noted above, embodiments described herein are generally directed to harvesting energy during operation
of a pill pack and utilizing the harvested energy for various purposes. Accordingly, an energy harvesting apparatus 100
may include a variety of integral components that facilitate conversion of motion associated with expelling one or more
pills 1051-n from blisters 1031-n of pill pack 104 into electrical energy. The example depicted in Figure 1, for instance,
may include a linear alternator 114. In some embodiments, the linear alternator 114 may include one or more conductive
coils and a ferromagnetic element (not illustrated in Figures 1 or 2). The ferromagnetic element may be moved inside
the conductive coil via one or more bands 120 positioned over the pills 1051-n.
[0016] The one or more bands 120 positioned over the pills 1051-n may be under tension. In some embodiments a
single band may run the length of a row or column of pills, where the pill pack is a grid or array. In some embodiments,
these bands may be made of a stiff polymer; in other embodiments, these bands may be made of a rubber-band-like
material. A first end 121 of the band 120 may be securely fixed to the housing 102, while a second end 123 of the band
120 may be connected to the ferromagnetic element of the linear alternator 114 and a spring 125. Consequently, any
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vertical movement of the one or more bands 120 during the compression of a blister to expel one or more pills may
cause the ferromagnetic element to be displaced within the conductive coil. However, this is not to be understood as
limiting; any trigger mechanism for the movement of the ferromagnetic element known in the art may be used for example,
a vertically-moving stage located directly above the alternator may trigger the desired movement.
[0017] As an illustrative example, when a user desires a pill 105 from the pill pack 104, the user may apply pressure
to (i.e. press down in Figure 1) on the band 120 above the blister 103 containing the desired pill 105 in order to push
down on the pill(s) to break them free of the packaging. Pushing down on a band 120 may pull the spring 125 inward
(to the left in Figure 1), which may prevent excess force from being applied to neighboring blisters 103 and minimize
the risk of inadvertently dispensing an additional pill(s) from a neighboring blister. Energy may therefore be harvested
(according to Faraday’s law of induction), as the band 120 stretches (or a similar component moves) downwards towards
the blister until the pill 105 has been pushed free of the packaging. According to Faraday’s Law, the movement of the
ferromagnetic element relative to conductive coils may induce a current in conductive coils, and the flow of electrons
forming this current may, for instance, charge a capacitor with electrical energy, which may then be used for a variety
of purposes.
[0018] Energy harvested may be temporarily stored in a capacitor 122 or super-capacitor as it is generated until the
end of motion and expulsion of the one or more pills from the blister of the pill pack. At the conclusion of the motion, and
expulsion of the one or more pills, the harvested energy may be discharged automatically, e.g., to send a low-power
data transmission to a remote computing device (e.g., smartphone, smart watch or tablet, network, computer, or the
like) operated by a user (e.g., a patient and/or medical personnel), denoting that one or more pills have been successfully
removed from the packaging.
[0019] In some embodiments, the apparatus 100 may include onboard circuitry 130, which may include a transmitter
132 (or in some cases a transceiver). A transmitter 132 may be configured to communicate wirelessly with one or more
remote computing devices (not depicted in Figures 1 or 2) using various low energy wireless technologies, such as
Bluetooth low energy (e.g., Bluetooth 4.0), ANT, ANT+, infrared data association ("IrDA"), ZigBee, Z-Wave, low power
Wi-Fi, near field communication ("NFC"), EnOcean radiofrequency transmission protocol, and so forth. In some embod-
iments, electrical energy harvested during compression of the one or more blisters 1031-n and expulsion of the one or
more pills 1051-n from the pill pack 104 into interior 106 of the housing may be used to power wireless transmission of
data to one or more remote computing devices. In some embodiments, the remote computing device may store data
point(s), e.g., in association with a timestamp generated by the remote computing device.
[0020] Expelling one or more pills 1051-n from (individual blisters 1031-n) of a pill pack 104 may generate one or more
data points associated with the operation of the operation of the pill pack. In some embodiments, these data points may
include an identification of which pill(s) were expelled from the pill pack. This information may be useful for a caregiver
or medial provider so that they may track which particular pills were or were not (presumably) taken by a patient. In
some embodiments, the identification of an expelled pill(s) may be used in conjunction with an alert system to determine
whether the correct medication is being administered at the correct time. With such an alert system, steps may be taken
to warn a user of poor adherence, or to assist in the prevention of an incorrect administration of medication by alerting
a patient that the incorrect pill(s) was expelled prior to the patient swallowing the pill(s).
[0021] In some embodiments, an identification button 107 is located on top of a blister compartment 103 and below
the band 120. This button 107, where present, may be pressed or otherwise actuated during the compression of the
blister 103 in order to expel the pill(s) and may be used to identify which pill(s) a user has been dispensed (and presumably
taken). In some embodiments, the identification buttons 107 may be coupled together via a circuit, such that actuation
of any given identification button 107 may cause output in the form of a unique identification number to be provided. In
other embodiments, a predetermined level of force may be required in order to trigger the identification button 107. Such
a predetermined force requirement may be particularly useful when in preventing the inadvertent triggering of an iden-
tification button due to accidental contact with the apparatus, such as during travel. In some embodiments, a remote
computing device may compare the data generated from pressing the identification button 107 with previously received
data to determine whether the compression was over a valid blister compartment (i.e., a compartment containing one
or more pills), or one that is invalid (i.e., has been emptied previously without a refill or which is not the correct pill to be
taken). In still other embodiments, once the identification buttons 107 for all pills in the pill pack are known to have been
pressed, a remote computing device may send a pill pack refill alert to a user, caregiver, medical professional (e.g.
physician, pharmacy, etc.) indicating it may be time to refill the prescription. In some embodiments, the energy harvesting
apparatus 100 may be reused once the empty pill pack has been removed, and a new pill pack may be loaded/inserted
into the energy harvesting apparatus.
[0022] In other embodiments, the identification of which pill(s) were expelled from the pill pack may be determined by
comparing a measurement of the force required to expel a pill(s) from a particular blister compartment with a known
standard and/or with other blister compartments. In such an embodiment, a pill pack utilized may have varying degrees
of force required to expel a pill(s) from a blister compartment depending on the placement of the blister compartment.
For example, a blister compartment in the upper right quadrant of a pill pack with a 2-by-2 grid may require more force



EP 3 415 137 A1

5

5

10

15

20

25

30

35

40

45

50

55

to expel the pill(s) contained therein than the blister compartment of the lower left quadrant of the same pill pack. This
difference may be used to identify which pill(s) were expelled without the use of an identification button 107.
[0023] In some embodiments, onboard circuitry 130 may further include some form of rudimentary memory (not illus-
trated in Figures 1 or 2) coupled to the transmitter or transceiver for storing one or more data points associated with
operation of the energy-harvesting apparatus 100. For example, in some embodiments, an identification of which pill(s)
have been expelled may be stored at least temporarily in a memory component. The memory component may take
various forms that may or may not be considered "low power" because only a minimal amount of electrical energy is
required to read from, and/or write to the memory component. In some embodiments, memory component may be non-
volatile, and may include one or more of the following: random access memory ("RAM"), programmable ready-only
memory ("PROM"), erasable PROM ("EPROM"), electrically erasable PROM ("EEPROM"), flash memory (NAND or
NOR), Ferroelectric RAM ("FeRAM"), Programmable metallization cell ("CBRAM"), parallel random-access machine
("PRAM"), Silicon-Oxide-Nitride-Oxide-Silicon ("SONOS"), Resistive random-access memory ("RRAM"), racetrack mem-
ory, Nano-RAM, and so forth.
[0024] In order to determine the amount of energy capable of being harvested, assume that when a user presses on
a blister 1031-n of a pill pack to expel one or more pills 1051-n from a blister 1031-n from a pill pack 104, a force F of 30-40
N is applied. Application of such a force F over a distance D of 5-10 mm during operation of a pill pack 104 may yield
the following equation to calculate (gross) harvested energy Egross: 

[0025] Even accounting for 40% energy loss, the net energy harvested Enet may be estimated as follows: 

[0026] In some embodiments, the maximum force required to remove a pill from a blister of a pill pack may vary with
packaging design. Where the backing of a pill pack is aluminum foil, a peak force needed to rupture the aluminum foil
may be approximately 15 N. However, the force required to push a pill completely free of the packaging may depend
on the thickness and stiffness of the plastic blister of the pill pack. Therefore, the amount of energy capable of being
harvested may vary between differing types of pill packs.
[0027] A simple energy budget calculation may be used to confirm that the net energy generated Enet is sufficient to
transmit one or more data points using transmitter 132 is harvested: 

Exmit represents energy required to transmit one or more data points. Eloss represents energy losses, which assuming
40% energy losses, may be calculated as 0.43Egross.
[0028] Suppose that ZigBee or low-power Wi-Fi is employed for wireless transmission, and that estimated energy
losses are 40%. In some embodiments, 0.036 J of electrical energy Exmit may be consumed during data transmission.
The power requirement for low-power Wi-Fi /ZigBee is 36 mJ per 24 bytes of data, for Bluetooth low energy it is less,
0.147 mJ, and for EnOcean radiofrequency even less, as little as 100-200mJ. Suppose Egross is 0.150 J, which means
Eloss is 0.060 J. Plugging the values set forth above into Equation (3) shows that there is sufficient net energy Enet to
acquire, store, and transmit data: 

[0029] The equations above are examples only, and are not meant to be limiting. Even more energy may be generated
if compression force required to expel one or more pills 1051-n from a pill pack 104 is greater.
[0030] In some embodiments, apparatus 100 may include (e.g., coupled with onboard circuitry 130) one or more output
devices, such as one or more light-emitting diodes ("LEDs") (not illustrated in Figures 1 and 2). These output components,
where present, may be located at various positions on apparatus 100, such as on a portion of housing 102. In some
such embodiments, one or more LEDs may be illuminated (e.g., with a green color), for instance, when a successful
data transmission has taken place. In other embodiments, one or more LEDs may be illuminated (e.g. with a red color)
for instance, when there has been insufficient power harvested to allow for data transmission, indicating to a user the
need to apply additional compressive force to the particular blister compartment in order to allow data transmission to
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occur. In some embodiments, the output devices, such as one or more LEDs may be wirelessly coupled with a remote
computing device and may serve as a notification system that the removal/expulsion of a pill(s) was successfully logged.
For example, one more LEDs may illuminate green to signal to a user that data was successfully transmitted to a remote
computing device.
[0031] Figure 3 illustrates another example energy-harvesting apparatus 300 configured with selected aspects of the
present disclosure depicted in top view. As illustrated in Figure 3, the energy harvesting apparatus 300 may include a
housing 302. Similar to the embodiments described previously in conjunction with Figures 1 and 2, the housing 302 may
be in the form of a sleeve or box that removably receives a pill pack. For example, a pill pack may slide into the housing
302 and may hold the pill pack in a desired position. In other embodiments the housing may permanently receive a pill
pack and may not be reusable. A pill pack 304 used in conjunction with the housing 302 may be similar to the pill packs
described in conjunction with Figures 1 and 2, and may have one or more blister compartments 3031-n, each containing
one or more pills 3051-n. As described previously, the blisters 303 may be divided by the day and time of administration
of the pill(s) therein. Generally, these blisters 303 are created by a covering (usually in the form of a bubble) over the
selected pill(s) attached to a backing. In some embodiments the blister covering may be a plastic material of varying
thickness. In other embodiments, a single piece of plastic may be used as a cover for the entire pill pack, with individual
blisters created therein. In some embodiments, the backing may be aluminum foil of varying thickness. The pill pack
304 comprises one or more blisters 303, which may be arranged linearly or in a grid or array. Figure 3 illustrates a pill
pack 304 and associated blister compartments 3031-n within a housing 302.
[0032] As discussed previously, embodiments described herein are generally directed to harvesting energy during
operation of a pill pack and utilizing the harvested energy from the conversion of motion associated with expelling one
or more pills 3051-n from (individual blisters 3031-n) of a pill pack 304 into electrical energy various purposes. In the
example embodiment depicted in Figure 3, for instance, one or more strips 3201-n of piezoelectric material may be
arranged above the pill(s) 3051-n as they are stored in blister compartments 3031-n. In some embodiments, the piezoe-
lectric material may be lead zirconate titanate (PZT). In other embodiments, the piezoelectric material used may be
aluminum nitride, barium titanate, potassium sodium niobate (KNN), and/or bi-layered bismuth sodium titanate (BNT),
all which may have the advantage of being lead-free. A first end 321 of a piezoelectric strip 320 is attached to and
supported by a first end 310 of the housing 302, while a second end 323 of a piezoelectric strip 320 is attached and
supported at a second end 312 of the housing 302, where the first and second ends, 314, 312 of the housing 302 oppose
each other.
[0033] As a user compresses a blister compartment 3031-n downward (i.e. into the page in Fig. 3) to expel the pill(s)
3051-n contained therein, the action may push a piezoelectric strip 320 downward onto pill(s) 305 below. Once the
downwards force is released, typically once the pill(s) has been expelled, piezoelectric strip 320 may snap back into its
original position. The strain applied to the piezoelectric strip 320 generates an alternating current, and provides a way
to harvest energy on an event basis from the operation of the pill pack 304. In some embodiments, a bridge rectifier
may also be utilized to convert the AC current into DC current, which may in turn charge a capacitor or super-capacitor,
and energy harvested may be temporarily stored in a capacitor 322 or super-capacitor as it is generated until the end
of motion and expulsion of the one or more pills from the blister of the pill pack.
[0034] In some embodiments, the apparatus 300 may include onboard circuitry 330, which may include a transmitter
332 (or in some cases a transceiver). A transmitter 332 may be configured to communicate wirelessly with one or more
remote computing devices (not depicted in Figure 3) using various low energy wireless technologies, such as those
mentioned above. In some embodiments, electrical energy harvested during compression of the one or more blisters
3031-n and expulsion of the one or more pills 3051-n from the pill pack 304 may be used to power wireless transmission
of data to one or more remote computing devices. In some embodiments, the remote computing device may store data
point(s), e.g., in association with a timestamp generated by the remote computing device.
[0035] In general, automatically harvesting energy as described herein and using that energy to store information
about pill identification, pill characteristics (e.g. dosage), time expelled from blister of pill pack (and presumably taken),
and/or to make that information available on one or more remote computing devices, may have a number of technical
advantages. Some such technical advantages of the various embodiments disclosed herein may include, but are not
limited to, lessening the burden on patients to log their medication intake, reliability of tracking as an energy-harvesting
apparatus, such as described herein, does not require batteries that may need replacing, etc. Therefore, medical per-
sonnel, caregivers, and the like may be able to more accurately monitor compliance with medication regimes. This may
in turn reduce errors that might otherwise result from distractions, etc. Data collected may be used to update the patient’s
medical record, to trigger reminders to the patient in cases of partial or non-compliance in medication regime, and the like.
[0036] Figure 4 depicts an example method 400 of performing various techniques described herein, in accordance
with various embodiments. Although particular operations of method 400 are shown in a particular order, this is not
meant to be limiting. In various embodiments, one or more operations may be added, omitted, and/or reordered.
[0037] At block 402, a pill pack (e.g. 104, 304) is inserted into a housing (e.g. 102, 302) configured with selected
aspects of the present disclosure. In some embodiments, the housing may be in the form of a sleeve or box that removably
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receives a pill pack (e.g. 104, 304), for example a pill pack may slide into the housing. In other embodiments the housing
may permanently receive a pill pack and may not be reusable. In still other embodiments the housing may also serve
to hold a pill pack into a desired position.
[0038] At block 404, a pill pack received by the housing is operated, which may include compressing at least one
blister (e.g. 1031-n, 3031-n) of the pill pack in order to expel at least one pill (e.g. 1051-n, 3051-n) from the pill pack. These
blisters may be divided by their day and time of administration, so that all pills required to be taken at each time throughout
the day, week, etc. are stored within the same compartment. Operating the pill pack to expel one or more pills may
involve pressing down on one or more blisters such that the one or more pills break through the (e.g., aluminum) backing
and can be pushed through; the force required to compress the blister and expel the pill(s) may also vary.
[0039] At block 406 motion associated with the compression of one or more blisters may be converted into electrical
energy. In some embodiments, a linear alternator may be used for the generation of electrical energy. In other embod-
iments, a piezoelectric strip may be used to generate electrical energy.
[0040] At block 408, at least some of the electrical energy harvested during operation of the pill pack may be used to
at least temporarily store one or more data points in a memory component integral with the housing. These data points
may include, but are not limited to, the identification of the pill(s) expelled, the dosage of the pill(s) expelled, a timestamp
of when the pill(s) was expelled, and so forth. In some embodiments, at least some of the electrical energy harvested
during operation of the pill pack may be used to transmit one or more of the aforementioned data points to a remote
computing device. In other embodiments, at least some of the electrical energy harvested during operation of the pill
pack may be used to energize one or more LEDs.
[0041] While several inventive embodiments have been described and illustrated herein, those of ordinary skill in the
art will readily envision a variety of other means and/or structures for performing the function and/or obtaining the results
and/or one or more of the advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the inventive embodiments described herein. More generally, those skilled in the art will readily
appreciate that all parameters, dimensions, materials, and configurations described herein are meant to be exemplary
and that the actual parameters, dimensions, materials, and/or configurations will depend upon the specific application
or applications for which the inventive teachings is/are used. Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific inventive embodiments described herein.
It is, therefore, to be understood that the foregoing embodiments are presented by way of example only and that, within
the scope of the appended claims and equivalents thereto, inventive embodiments may be practiced otherwise than as
specifically described and claimed. Inventive embodiments of the present disclosure are directed to each individual
feature, system, article, material, kit, and/or method described herein. In addition, any combination of two or more such
features, systems, articles, materials, kits, and/or methods, if such features, systems, articles, materials, kits, and/or
methods are not mutually inconsistent, is included within the inventive scope of the present disclosure.
[0042] All definitions, as defined and used herein, should be understood to control over dictionary definitions, definitions
in documents incorporated by reference, and/or ordinary meanings of the defined terms.
[0043] The indefinite articles "a" and "an," as used herein in the specification and in the claims, unless clearly indicated
to the contrary, should be understood to mean "at least one."
[0044] The phrase "and/or," as used herein in the specification and in the claims, should be understood to mean "either
or both" of the elements so conjoined, i.e., elements that are conjunctively present in some cases and disjunctively
present in other cases. Multiple elements listed with "and/or" should be construed in the same fashion, i.e., "one or more"
of the elements so conjoined. Other elements may optionally be present other than the elements specifically identified
by the "and/or" clause, whether related or unrelated to those elements specifically identified. Thus, as a non-limiting
example, a reference to "A and/or B", when used in conjunction with open-ended language such as "comprising" can
refer, in one embodiment, to A only (optionally including elements other than B); in another embodiment, to B only
(optionally including elements other than A); in yet another embodiment, to both A and B (optionally including other
elements); etc.
[0045] As used herein in the specification and in the claims, "or" should be understood to have the same meaning as
"and/or" as defined above. For example, when separating items in a list, "or" or "and/or" shall be interpreted as being
inclusive, i.e., the inclusion of at least one, but also including more than one, of a number or list of elements, and,
optionally, additional unlisted items. Only terms clearly indicated to the contrary, such as "only one of" or "exactly one
of," or, when used in the claims, "consisting of," will refer to the inclusion of exactly one element of a number or list of
elements. In general, the term "or" as used herein shall only be interpreted as indicating exclusive alternatives (i.e. "one
or the other but not both") when preceded by terms of exclusivity, such as "either," "one of," "only one of," or "exactly
one of." "Consisting essentially of," when used in the claims, shall have its ordinary meaning as used in the field of patent
law.
[0046] As used herein in the specification and in the claims, the phrase "at least one," in reference to a list of one or
more elements, should be understood to mean at least one element selected from any one or more of the elements in
the list of elements, but not necessarily including at least one of each and every element specifically listed within the list
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of elements and not excluding any combinations of elements in the list of elements. This definition also allows that
elements may optionally be present other than the elements specifically identified within the list of elements to which
the phrase "at least one" refers, whether related or unrelated to those elements specifically identified. Thus, as a non-
limiting example, "at least one of A and B" (or, equivalently, "at least one of A or B," or, equivalently "at least one of A
and/or B") can refer, in one embodiment, to at least one, optionally including more than one, A, with no B present (and
optionally including elements other than B); in another embodiment, to at least one, optionally including more than one,
B, with no A present (and optionally including elements other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least one, optionally including more than one, B (and optionally including
other elements); etc.
[0047] It should also be understood that, unless clearly indicated to the contrary, in any methods claimed herein that
include more than one step or act, the order of the steps or acts of the method is not necessarily limited to the order in
which the steps or acts of the method are recited.
[0048] In the claims, as well as in the specification above, all transitional phrases such as "comprising," "including,"
"carrying," "having," "containing," "involving," "holding," "composed of," and the like are to be understood to be open-
ended, i.e., to mean including but not limited to. Only the transitional phrases "consisting of" and "consisting essentially
of" shall be closed or semi-closed transitional phrases, respectively, as set forth in the United States Patent Office Manual
of Patent Examining Procedures, Section 2111.03. It should be understood that certain expressions and reference signs
used in the claims pursuant to Rule 6.2(b) of the Patent Cooperation Treaty ("PCT") do not limit the scope.

Claims

1. An energy harvesting apparatus, comprising:

a housing (102, 302), wherein the housing is configured to receive a pill pack (104, 304); and
an electrical generator incorporated into the housing (102, 302), wherein the electrical generator is adapted to
convert motion associated with compression of at least one blister (1031-n, 3031-n) of the pill pack (104, 304)
expelling one or more pills (1051-n, 3051-n) from the pill pack into electrical energy, wherein the electrical energy
is used to collect one or more data points associated with operation of the pill pack during the expelling of the
one or more pills.

2. The energy-harvesting apparatus of claim 1, wherein the one or more data points associated with the operation of
the pill pack include an identification of the one or more pills (1051-n, 3051-n) expelled from the pill pack (104, 304).

3. The energy harvesting apparatus of claim 2, further comprising an identification button (107), wherein the identifi-
cation button is positioned so as to be activated when the one or more pills (1051-n, 3051-n) are expelled from the
pill pack (104, 304).

4. The energy harvesting apparatus of claim 2, wherein the identification of the one or more pills (1051-n, 3051-n)
expelled from the pill pack (104, 304) is determined based on a level of force required to expel the one or more pills.

5. The energy-harvesting apparatus of claim 1, further comprising a low power wireless transmitter (132, 332) integral
with the housing (102, 302), wherein at least some of the electrical energy is used to wirelessly transmit, from the
low power wireless transmitter to a remote computing device one or more of data points.

6. The energy-harvesting apparatus of claim 5, wherein the low power wireless transmitter (132, 332) is a Bluetooth
low energy transmitter, a ZigBee transceiver, or an EnOcean transceiver.

7. The energy-harvesting apparatus of claim 2, wherein the one or more data points associated with the operation of
the pill pack (104, 304) collected, include a timestamp.

8. A method (400) for harvesting and using electrical energy during compression of a pill pack (104, 304), comprising:

inserting (402) the pill pack (104, 304) into a housing (102, 302) configured to receive the pill pack;
operating (404) the pill pack (104, 304), wherein operating includes compressing at least one blister (1031-n,
3031-n) of the pill pack to expel at least one pill (1051-n, 3051-n) from the pill pack;
converting (406), by an electrical generator that is integral with the housing (102, 302), motion associated with
compression of the at least one blister (1031-n, 3031-n) into electrical energy; and
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using (408) at least some of the electrical energy to collect one or more data points associated with operation
of the pill pack during expulsion of the at least one pill.

9. The method of claim 8, wherein operating the pill pack (104, 304) further comprises identifying the one or more pills
(1051-n, 3051-n) expelled from the pill pack.

10. The method of claim 8, wherein the one or more data points include an identification of the at least one pill (1051-n,
3051-n) expelled from the pill pack (104, 304).

11. The method of claim 8, wherein the electrical generator comprises a linear alternator (114).

12. The method of claim 8, wherein the electrical generator comprises a piezoelectric strip (3201-n).

13. The method of claim 8, further comprising utilizing at least some of the electrical energy to wirelessly transmit, from
a low power wireless transmitter (132, 332) integral with the housing (102, 302) to a remote computing device, one
or more of the data points.

14. The method of claim 13, wherein the low power wireless transmitter (132, 332) is a Bluetooth low energy transceiver
or a ZigBee transceiver.

15. The method of claim 8, wherein the one or more data points include a timestamp indicating a time the at least one
pill (1051-n, 3051-n) was expelled from the pill pack (104,304).
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